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Inhomogeneous Big Bang Nucleosynthesis and Mutual Ion Diffusion
Elina Keiha¨nen∗
Department of Physical Sciences, University of Helsinki, P.O.Box 64, FIN-00014 University of Helsinki, Finland
We present a study of inhomogeneous big bang nucleosynthesis with emphasis on transport phenom-
ena. We combine a hydrodynamic treatment to a nuclear reaction network and compute the light
element abundances for a range of inhomogeneity parameters. We find that shortly after annihila-
tion of electron-positron pairs, Thomson scattering on background photons prevents the diffusion
of the remaining electrons. Protons and multiply charged ions then tend to diffuse into opposite
directions so that no net charge is carried. Ions with Z > 1 get enriched in the overdense regions,
while protons diffuse out into regions of lower density. This leads to a second burst of nucleosyn-
thesis in the overdense regions at T < 20 keV, leading to enhanched destruction of deuterium and
lithium. We find a region in the parameter space at 2.1×10−10 < η < 5.2×10−10 where constraints
7Li/H < 10−9.7 and D/H < 10−4.4 are satisfied simultaneously.
PACS numbers: 26.35.+c, 98.80.Ft, 05.60.Cd
I. INTRODUCTION
Inhomogeneous big bang nucleosynthesis (IBBN) has
been studied in several papers [1–18]. In IBBN the
baryon density is assumed to be inhomogeneous during
nucleosynthesis. The inhomogeneity could be the result
of a first-order phase transition occurring before BBN, or
of some unknown physics possibly connected with infla-
tion.
The effects on light element production depend
strongly on the length scale of the inhomogeneity. It
is well known that there is a so-called “optimal scale”,
at which the production of 4He is reduced with respect
to the homogeneous case, due to differential diffusion of
protons and neutrons.
The first studies on IBBN concentrated on the reduced
4He production and disregarded dissipative phenomena
other than diffusion. Later works consider also other
transport phenomena. The collective hydrodynamic ex-
pansion of the high-density regions was first addressed
by Alcock et al. [19]. Jedamzik and Fuller [20] give a
detailed study of dissipative processes at temperatures
ranging from T ≈ 100 GeV to T ≈ 1 keV, including dif-
fusion, hydrodynamic expansion, and photon inflation.
The mutual diffusion of isotopes, however, has to our
knowledge not been properly accounted for previously.
Diffusion of one ion species is not restricted by collisions
with another species, if both are moving into same direc-
tion with same fluid velocity. On the other hand, momen-
tum transfer is enhanched between two fluid components
flowing into opposite directions.
Accurate treatment of transport phenomena has be-
come increasingly important, since several estimations
on the primordial 7Li abundance indicate a low primor-
dial 7Li/H, which is difficult to accomodate in standard
big bang nucleosynthesis (SBBN). Lithium is produced
quite late in nucleosynthesis, and its yield is therefore
particularly sensitive to the late-time transport phenom-
ena such as ion diffusion and hydrodynamic expansion of
the overdense regions.
In this work we study inhomogeneous big bang nu-
cleosynthesis with emphasis on ion transport. We treat
the primordial plasma as a fluid, and handle the dissipa-
tion of the baryon inhomogeneity through hydrodynamic
equations. This allows us to take into account the effects
of mutual diffusion. We discuss the hydrodynamics of the
primordial plasma Section II. In Section III we present
results from numerical simulations. In the last two sec-
tions we compare the predicted isotope yields with ob-
servations and give our conclusions.
Throughout this paper we use the natural unit system
where c = h¯ = kB = 1.
II. DISSIPATION OF BARYON
INHOMOGENEITY
A. Ions
Consider the evolution of a density fluctuation in the
baryonic component of the primordial plasma. We are
interested in the temperature range T ∼ 10 MeV-1 keV.
We treat each isotope as a separate fluid. We write down
the hydrodynamic equations for isotope i:
∂ni
∂t
= −∇ · (nivi) +
∂ni
∂t
|reac (1)
∂qi
∂t
= −T∇ni +
∑
j 6=i
Fij + Fie − niZieE (2)
Here ni and q denote, respectively, the number and mo-
mentum density of isotope i. We have ignored second-
order terms in fluid velocity vi, which is assumed to be
small. We use the non-relativistic formula for pressure
P = nT and assume that temperature is nearly homo-
geneous. As pointed out in [20], the fluctuations in tem-
perature are of the order of the baryon-to-photon ratio
∼ 10−9.
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The last term in Eq. (1) represents production or de-
struction of ions via nuclear rections. Terms Fie and Fij
represent momentum transfer due to collisions on elec-
trons or other fluid components. The last term in Eq.
(2) represents an electric field, which is present if there is
a departure from local charge neutrality. In the following
we evaluate explicit formulae for the collision terms F.
Scattering between non-relativistic particles.
The momentum transfer between two non-relativistic
fluid components close to thermal equilibrium is given by
[21]
Fkj = nknj
∫ ∫
d3pkd
3pj ×
fk(pk)fj(pj)|uj − uk|σ
t
kj(pjk)pjk, (3)
where fk(p) is the momentum distribution of particle k,
such that nkfk(p) gives the phase space density, uj −uk
is the relative velocity, pjk is the center-of-mass momen-
tum, and
σtkj =
∫
dσkj
dΩ
(1− cos(θ))dΩ. (4)
is the transport cross section. Assuming a small deviation
from the Maxwellian distribution f0k ,
fk(p) = f
0
k (p)
(
1 +
vk · p
T
)
, (5)
where vk = 〈uk〉 is the fluid velocity, we obtain
Fkj = −nknjSkj(vk − vj). (6)
where
Skj =
8
3
(
2Tµ
π
)1/2
σ˜kj(T ). (7)
Here µ is the reduced mass and the thermally averaged
cross section is given by
σ˜kj(T ) =
1
(2µT )3
∫ ∞
0
exp
(
−
k2
2µT
)
k5σtkj(k)dk, (8)
where k is the center-of-mass momentum.
Let us apply the above results to neutron-proton and
ion-ion scattering. At low energies (below a few MeV)
the neutron-proton interaction is dominated by s-wave
scattering. The cross section is given by [22]
σnp(k)=
πa2s
(ask)2+(1−
1
2
rsask2)2
+
3πa2t
(atk)2+(1−
1
2
rtatk2)2
(9)
with as = −23.71 fm, at = 5.432 fm, rs = 2.73 fm, and
rt = 1.749 fm. At zero-energy limit the cross section ap-
proaches the value 20440 mbarn. The thermally averaged
cross section (8) can be evaluated numerically.
The transport cross section for Coulomb scattering be-
tween nonrelativistic ions is given by
σt = 4π(ZiZjα)
2µ
2
k4
Λ (10)
where Λ is the Coulomb logarithm [23,24]. The thermal
cross section (8) becomes σ˜ = π(ZiZjα)
2Λ/(2T 2). We
then have
Sij =
4π
3
(
2µijT
π
)1/2
(ZiZjα)
2Λ
T 2
. (11)
Scattering on electrons.
The collisional force excerted on a heavy particle k
moving with velocity vk through a thermal background
of light particles j is given by
Fkj = nk
∫
d3pρj(p)
|p|
E
σtkj(p)p = −
1
bkj
nkvk. (12)
This equation relates the force to the mobility bkj [23,25].
Here ρj(p) is the phase space density of particle j in the
frame of particle k. Assuming a thermal distribution
ρ0j for particle j in laboratory frame, we have ρj(p) =
ρ0j(E + p · v), and
− b−1ne =
∫
d3p
dρ0j (E)
dE
p3
3E
σtkj(p). (13)
Neutrons interact with electrons through their mag-
netic moment. The transport cross section is [2]
σtne = 3π
α2κ2
m2n
= 8.07× 10−4 mbarn. (14)
where κ = −1.91 is the anomalous magnetic moment of
the neutron. Using MB statistics for electrons we obtain
for the mobility
b−1ne =
8
3
(
2meT
π
)1/2
K2.5(z)
K2(z)
σtnene. (15)
where K are modified bessel functions.
The differential cross section for a relativistic electron
scattering on an ion with charge Z is given by the Mott
formula [26]
dσ
dΩ
=
(Zα)2E2e
4k4 sin4(θ/2)
(
1− β2 sin2(θ/2)
)
. (16)
where the factor 1 − β2 sin2(θ/2) is the relativistic spin
correction. This gives the transport cross-section
σtie(k) = 4π(Zα)
2m
2
e + k
2
k4
Λ. (17)
where Λ is the Coulomb logarithm. Using again MB
statistics we obtain
b−1ie =
4πT
3
(z2 + 2z + 2)
K2(z)ez
(Ziα)
2Λne
m2e
. (18)
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B. Electrons
Thermal electron-positron pairs annihilate at temper-
atures T ≈1 MeV-20 keV. The remaining electrons must
be treated as one fluid component.
For non-relativistic electrons we have
∂ne
∂t
= −∇ · (neve) (19)
∂qe
∂t
= −T∇ne + Feγ + neeE. (20)
The term Feγ represents Thomson scattering on back-
ground photons [27],
Feγ = −b
−1
eγ neve = −
4
3
σT ǫγneve, (21)
where σT = 665 mbarn is the Thomson cross section and
ǫγ is the energy density of background photons.
Note that formula (21) is exactly valid only well after
electron-positron annihilation, when photon mean free
path is large compared with the inhomogeneity scale.
Around T ≈ 20 keV photons are still connected to the
plasma. For precise treatment of this transition period,
photons should be included as one fluid component.
Ions diffusing out from the high-density regions leave
behing a negative net charge. That gives rise to an elec-
tric field, which forces electrons to move so as to restore
the electrical neutrality [28]. Electrons are thus dragged
along with ions. The motion of ions is restricted by the
Thomson drag force (21), which acts on them indirectly
through the electric field.
If we assume spherical symmetry, the electric field at a
given location is determined by the total charge contained
in the spherical region closer to the symmetry center.
The rate of change of the field is then determined by the
flux of charge through the sphere,
∂(eE)
∂t
= −4πα
(
neve −
∑
i
niZivi
)
. (22)
The five differential equations (1), (2), (19), (20), and
(22), together with the formulae for momemtum transfer
terms, form the basis of our hydrodynamic simulations.
C. Diffusion approximation
It is interesting to look at how our hydrodynamic treat-
ment relates to the common diffusion approximation,
where the evolution of inhomogeneity is presented by a
differential equation of the form
∂n
∂t
= ∇ · (D∇n). (23)
Consider the steady-state solution of Eq. (2) in ab-
sence of an electric field,
− T∇ni −
∑
j 6=i
ninjSij(vi − vj)− b
−1
ie nivi = 0 (24)
If we ignore the motion of particle species other than i
(vj ≈ 0 for j 6= i), equation (24) and the continuity equa-
tion (1) together lead to a diffusion equation of the form
(23), with diffusion constants given by Die = bieT for
scattering on electrons, and Dij = T/(njSij) for scatter-
ing between nuclei.
We note here that the neutron-proton and neutron-
electron diffusion constants calculated this way coincide
with those given in [18]. Also the proton-electron con-
stant is in agreement at the limit Λ≫ 1.
The diffusion equation describes well the motion of a
fluid if the background fluid is stationary, so that its mu-
tual motion can be ignored. We refer to this as the ap-
proximation of independent diffusion. This approxima-
tion is valid in the case of diffusion of neutrons, which
are much more mobile than the ions and electrons they
scatter on. The diffusion equation also describes well the
motion of ions at high temperatures (T ≫ 20 keV), where
the dominant scattering process for ions is Coulomb scat-
tering on background electrons. Due to their large num-
ber the electrons can be regarded as a stationary back-
ground. At lower temperatures the situation is more
complicated. Ions gain or lose momentum in collisions
on other ion components, which move with comparable
fluid velocities. Thus the mutual motion of the fluid
components cannot be neglected. The situation is fur-
ther complicated by electron drag: electrons are dragged
along with ions so that charge neutrality is maintained.
III. SIMULATIONS
We have written an inhomogeneous nucleosynthesis
code where a nuclear reaction network is coupled to hy-
drodynamic equations. We assume spherical symmetry
and use a non-uniform radial grid of 64 cells. The grid is
adjusted according to the density profile so that the cells
are smallest where the gradient of the baryon density
is largest. We assume a simple initial geometry with a
step-like density profile. The inner part of the simulation
volume has a high baryon density ηh, and the outer part
a low density ηl. The initial conditions are determined
by four parameters: the volume fraction fv of the high-
density region, density contrast R = ηh/ηl, the average
density η = fv · ηh + (1 − fv) · ηl, and the radius of the
simulation volume r. We give r in comoving units in me-
ters at T = 1 keV temperature. One meter at T = 1 keV
corresponds to 4.26 × 106 m today. The baryon density
is given as the baryon-to-photon ratio η, which is related
to Ωb through η10 = 10
10η = 274Ωbh
2.
The code evolves 21 variables in each grid zone: the
concentration and momentum density of e, n, p, D, 3H,
3He, 4He, 6Li, 7Li, and 7Be, and the electric field. These
variables are evolved by solving a set of 21× 64 stiff dif-
ferential equations in time steps proportional to the age
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FIG. 1. Evolution of the abundances of light isotopes as
a function of temperature, for simulation parameters r = 107
m (at 1 keV), η10 = 6, fv = 0.01, and R = 10
6. The solid
lines show results from a complete simulation. The dashed
lines represent a simulation where the approximation of inde-
pendent diffusion was applied. Separation of elements leads
to a second burst of nucleosynthesis below T < 20 keV.
of the universe. This involves the solution of a band diag-
onal linear system of rank 1344 at every time step. The
nuclear reaction rates include those given in the NACRE
compilation [29]. The simulation is started at T = 10
MeV and ends at T = 1 keV, or when all nuclear reac-
tions have ceased. The final output consist of the average
concentrations of p, D, 3He (including 3H), 4He, 6Li, and
7Li (including 7Be).
For comparison we also made a set of simulations where
we mimicked the approximation of independent diffusion.
We removed from the matrix all elements corresponding
to mutual diffusion, i.e, terms that represent dependence
of ∂qi/∂t on vj 6=i. We also forced a steady-state solution.
The electron drag was taken into account by adding to
the momentum loss of an ion with charge Zi the Thomson
force that would act on Zi electrons moving with the
same velocity. This approach can be written as
∂ni
∂t
= −∇ · (nivi) +
∂ni
∂t
|reac (25)
−T∇ni −
∑
j 6=i
ninjSijvi − b
−1
ie nivi − b
−1
eγ Zinivi = 0. (26)
A. Separation of elements
Figure 1 shows the light element abundances plotted
against temperature, for simulation parameters r = 107
m, η10 = 6, and fv = 0.01. We compare results from
a complete simulation, and from a simulation where we
used the approximation (26). The complete simulation
105 106 107 108 109 1010
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  n/H
D
3He
3H
7Be
7Li
4He
0.20
0.25
0.30
Yp
FIG. 2. Light element abundances as a function of r, for
simulation parameters η10 = 6, fv = 0.01, and R = 10
6.
The solid lines show results from a complete simulation. The
dashed lines represent a simulation where mutual diffusion
was ignored. The helium mass fraction Yp (dash-dotted line)
is shown on linear scale (right y-axis). Other isotopes are
shown on logarithmic scale (left y-axis) as ratio of number
density to that of hydrogen.
shows a second burst of nucleosynthesis at T ≈ 20 − 10
keV, leading to destruction of 7Li, D, and 3H.
This can be understood as follows. Diffusion of elec-
trons is inefficient at temperatures T ≫ 1 keV due to
the frequent Thomson scattering on background pho-
tons. Thomson drag then resists the diffusion of ions
which must drag electrons with them to maintain elec-
trical neutrality. However, if we divide the motion of
ions into two components, one that obeys the condition∑
i niviZi = 0 and thus carries no charge, and one that
does carry charge, only the latter is resisted by Thomson
drag. Protons and helium ions, for instance, are allowed
to diffuse into opposite directions in such a way that the
total charge flux vanishes. This leads to a separation
of elements. Heavier elements tend to get enriched in
the high-density regions, while protons diffuse out. The
nucleosynthesis process in the high-density region is en-
hanced by the increased concentration of heavier nuclei.
This effect is responsible for the modified nucleosynthesis
yields that our simulations show.
In Fig. 2 we show the isotope yields as a function of
inhomogeneity length scale, for fv = 0.01 and η10 = 6.
Again, we show results both for a complete simulation
(solid lines) and for a simulation with same parame-
ters but with the approximation of independent diffu-
sion. The complete simulation shows a clear decrease in
the abundances of D, 3H, and 7Li, as compared to the
diffusion approximation. Also the yields of 3He and 7Be
are reduced, but not as clearly. The yield of 4He is hardly
affected.
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Lithium is destroyed via reaction 7Li(p, a)4He. The
mean destruction channel for 7Be, instead, is via reac-
tion 7Be(n, p)7Li. As this reaction requires free neutrons,
which are not available after the main phase of nucleosyn-
thesis, 7Be is affected little in the second nucleosynthesis
phase. The same holds for 3He, whose main reaction
channel is 3He(n, p)3H.
The reduction in D, 3H and 7Li due to element sepa-
ration is most efficient at scales somewhat smaller than
the “optimal scale” at which the 4He yield is minimized.
The maximal 4He reduction occurs at a scale at which
neutrons diffuse maximally out from the high-density re-
gions, but the later back-diffusion is not too efficient.
At a somewhat smaller scale, back-diffusion of neutrons
leads to synthesis of nuclei in a narrow zone surrounding
the high-density region. There are then plenty of nuclei
to be transported deeper into the high-density region,
once the separation of elements begins at T ∼ 20 keV.
Some analytic considerations may be in place here.
Consider the steady-state solution of Eqs. (2) and (20),
− T∇ni−
∑
j
ninjSij(vi − vj)− niZieE = 0 (27)
− T∇ne−b
−1
eγ neve + neeE = 0. (28)
We are interested in the temperature regime T < 20
keV and have ignored terms that represent scattering
on electrons. A measure of the distance over which ne
can deviate from
∑
i niZi is given by the Debye shield-
ing distance h = (4παne/T )
−1/2 [28], which is orders of
magnitude smaller than the inhomogenity length scale.
We can therefore assume that electrical neutrality holds
at the scale of the inhomogeneity (ne ≈
∑
i niZi), and
based on that eliminate the field E.
The evolution of the inhomogeneity is particularly sim-
ple in two limiting cases. If the interaction between ions
is strong compared with the electron-photon interaction
(niSij ≫ b
−1
eγ ), as is the case at late times (T ≪ 1 keV),
the plasma behaves as a single fluid, moving with a col-
lective velocity ve. Taking the sum of Eqs. (27) and (28)
and using the electrical neutrality we find
− T (∇nB +∇ne)− b
−1
eγ neve = 0. (29)
This represents collective hydrodynamic motion of the
plasma against Thomson drag [19,20]. With the approx-
imation nb ≈ ne it leads to the diffusion equation for the
baryon density, with diffusion constant Dhyd = 2beγT .
In the opposite limiting case, when electron-photon
scattering dominates over ion-ion scattering, the motion
of electrons is suppressed by the Thomson drag. Ions
then move under the condition that the net current car-
ried by ions vanishes,
∑
i niZivi = 0. Consider for sim-
plicity a system of two ion species only, say hydrogen and
4He. The steady-state solution now simplifies into
T
(
Z1
∇n2
n2
− Z2
∇n1
n1
)
= (v1 − v2)S12(n1Z1 + n2Z2).
(30)
T = 80.0 keV
p
4He
e
n
T = 80.0 keV
nv
0
T = 18.0 keV T = 18.0 keV
T = 6.0 keV T = 6.0 keV
0 0.2 0.4 0.6 0.8 1
T = 2.0 keV
0 0.2 0.4 0.6 0.8 1
T = 2.0 keV
FIG. 3. Separation of elements. Number density (left)
and nv (right) are shown for a run with with only protons
and 4He present. Nuclear reaction were turned off. The sim-
ulation started with an initial profile with R = 10, r = 107 m,
fv = 0.4
3, and uniform helium mass fraction Yp = 0.25 (up-
permost frame). We show the density profile and flux of 4He
(solid line), p (dashed line), and e (dash-dotted line) along the
radial axis of the sperical simulation volume. Helium begins
to concentrate in the high-density region at T < 20 keV. The
concentration of 4He in the center reaches a maximum around
T ≈ 6 keV. The inhomogeneity is finally erased by collective
hydrodynamic expansion against Thomson drag (last frame).
It is now easy to see that if two isotopes have the same
initial inhomogeneity (∇n1/n1 = ∇n2/n2), then the one
with smaller charge will flow into the direction of negative
density gradient, while the one with larger charge will
move into the opposite direction. The isotope with larger
charge will get concentrated into the high-density region.
In order to illustrate the separation of elements, we
made a run with only protons and 4He present. We
started with a step-like initial profile with uniform he-
lium mass fraction Yp = 0.25. The concentration profiles
of the two elements and electrons, as well as density times
velocity, at various temperatures are shown in Fig. 3.
Helium begins to concentrate in the high-density region
at T < 20 keV. At T = 6 keV the initial high-density
region contains 62% of all helium nuclei, while in the be-
ginning it contained 41%. The inhomogeneity is erased
when Thomson scattering becomes inefficient in restrict-
ing the collective motion of the plasma.
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IV. IBBN COMPUTATIONS AND
CONFRONTATION WITH OBSERVATIONS
The best way to evaluate the primordial 7Li has for
a long time been the so-called Spite plateau [30] ob-
served in halo stars. There is still debate on how much
the 7Li in Spite plateau stars has depleted from the pri-
mordial abundance, and consequently, on the primordial
7Li abundance. While some authors obtain an relatively
high upper limit 7Li/H < 4 × 10−10 [31], a number au-
thors argue for a lower value [32–34]. Ryan et al. [33]
derive the range −10.04 < log10(
7Li/H) < −9.72 for
the primordial abundance. In SBBN this corresponds
to η10 = 10
10η < 4.2. Suzuki et al. obtain an even
tighter range −9.97 < log10(
7Li/H) < −9.77. A recent
study [35] gives an intermediate estimate log10(
7Li/H) =
−9.76± 0.056± 0.06.
The tight lithium limits of Ryan et al. and and Suzuki
et al. are in conflict with the low deuterium estima-
tions from QSO absorption systems [36–38]. O’Meara
et al. obtain the range D/H = (3.0 ± 0.4) × 10−5 from
a combined study of four such systems. In SBBN this
corresponds to 5.4 < η10 < 6.4. The tight lithium lim-
its are also in conflict with the recent Boomerang result
η ∼ 6× 10−10 [39].
In light of the above, it is interesting to note that the
separation of elements due to Thomson drag leads to si-
multaneous destruction of 7Li and D.
We have computed the light element abundances for a
range of inhomogeneity parameters. Figure 4 shows the
yields of light isotopes as a function of length scale r and
volume fraction of the high-density region fv, for η =
6 × 10−10. At small scales the results converge towards
SBBN results. The smallest 7Li yield 7Li/H = 10−9.55
was obtained at fv ≈ 10
−1.5 ≈ 0.032 and r ≈ 7.1 m. The
SBBN value is 7Li/H = 10−9.39.
In Fig. (5) we show the isotope yields as a function of
r and η, for fv = 10
−1.5 and R = 106. The reduction
in 7Li/H is more prominent at low η, due to the fact
that at low η most of the lithium is produced directly as
7Li, which is sensitive to the separation of elements. At
high η most of the lithium comes from 7Be, which is not
affected as much.
In Fig. (6) we compare our results to a set of observa-
tional constraints on light element abundances. The sim-
ulation parameters are the same as in Figs. (5). For 4He
we choose conservative limits 0.23 < Yp < 0.25. For deu-
terium we select constraints 10−4.8 < D/H < 10−4.4. The
lower limit here comes from the present D/H abundance
in interstellar medium [40]. The upper limit is based
on the two-sigma upper limit of the O’Meara estimation
[36]. For lithium we choose a low limit 7Li/H < 10−9.7.
We also include the constraint 3He/D < 1. The lithium
and deuterium constraints we have chosen are in conflict
in SBBN. The upper limit to deuterium implies η10 > 4.8
while the upper limit to 7Li implies η10 < 4.2. In IBBN
we find a region in the parameter space, where all con-
10 5 10 6 10 7 10 8
10-10
10-9
r (m at 1 keV)
η
Yp=0.25
Yp=0.23
D/H=10-4.8
D/H=10-4.4
7Li/H=10-9.7
3He/D=1
FIG. 6. Observational constraints on (r, η) plane. The
shaded region satisfies the constraints 0.23 < Yp < 0.25 (thick
dashed lines), 10−4.8 < D/H < 10−4.4 (thick solid lines),
7Li/H < 10−9.7 (thin solid line), and 3He/D < 1 (dash-dotted
line).
straints are satisfied simultaneously. The allowed region
falls in the range 2.1 < η10 < 5.2, corresponding to
0.008 < Ωbh
2 < 0.019. We note that if we apply the
approximation of independent diffusion, the allowed re-
gion disappears.
V. CONCLUSIONS
We have studied inhomogeneous big bang nucleosyn-
thesis with emphasis on transport phenomena. We com-
bined a hydrodynamic treatment to a nucleosynthesis
simulation. We found an effect that to our knowledge
has been overlooked before: separation of elements due
to Thomson drag. Thomson drag prevents the diffusion
of the electron fluid shortly after electron-positron anni-
hilation. Hydrogen and multiply charged elements then
diffuse into opposite directions so that no net charge is
carried. Helium and lithium get concentrated into high-
density regions, which leads to enhanched nucleosynthe-
sis and destruction of 7Li, D, and 3He. The effect is
important at length scales from 105 to 109 meters at 1
keV temperature, corresponding to 10−5 − 0.1 pc today.
We computed the light element yields for a variety of
initial inhomogeneity profiles and found a region in the
parameter space where a low lithium constraint 7Li/H <
10−9.7 and a low deuterium constraint D/H < 10−4.4 are
satisfied simultaneously for η = (2.1− 5.2)× 10−10.
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